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ABSTRACT 


A aynoptlo atu^ ot oloctrlo vavo^ magnetcuttotoi:' > and plaana 
data lYom XMP-6 iMa boon carriad out Tor tlinea whan bandad alactro* 
static wavaa are obaervad batwaan harmonica oT tha alactron 
gyrofi'aquancy in tha Earth* a outar magnatosphare. Four aaparata 
clasaaa of such wa\'aa haya praviouaXy bean idantliMed by ua. Tha 
apatiaX and tampoi'aX occurrancaa of waves in each class ai'a suivmarinad 
harOii as are coi'ralations of occurranca with gaomagnatlc activity. 

Moat importanUy* associations batwaan tha obaai'vations of wavea of 
diffai'ant classes and the relative portions of cold and hot aleeta\>na 
present at the position of the spacecraft ai'a established. The cold 
to hot rixtio varies in aceordanco with tha predict! o)\s oi' our pi*evious 
theoretical worH» which models the emission as arising unstabl;^* fi*om 
a hot loss cojw disti'ibution existing simxiltaneously with a cold 
isotropic electron ct««ponent. Finally evidence fo4' the sigixatwro 
of the loss cone is soxtght in the plasma data. 


I. lnti\>diK*tiou 

nandea .lo>-tro.uti,. ,t i-.-c.„u«u-lca batvaeu 

of tla.. ojo-.t-va arofro.,,™.., „ae o„. „r tho »K.at ma 

aiHiotnoular foalurca of U.o Earth'a outer »w,eto„a,er„. rl^y were 
fleet obeeeved by tie, .,,ve .x,u>rl»»M,t oboeedax-.J (Ke.e,el et el. 

Idvo: Keedrleke eud beef, l-m) e„d leuv el.fo been eeeu 1„ data tnee 
aoten.1 other apareeraet (b,„„ a„d Uurnett. loys; n,o.f, et «1. 1070; 
llubbui-d nnd blnaliiKliam. luyb; i-lirlotleiiecii et el, luyti). 

Om- own eyiK-btlc atiubv jllubbard and Mneliwleim, 1.178. hereaeter 
referred to a» lU.) of both the Unlrereity of I..,a wave .h,ta and tl« 
ihaldard nt,.!net.a«eter data ,v.«, miuo |„,o corrob..ra te.1 tie, rlndliwa of 
reevloue imvatlnatore and led to a h-elaee eatalomdiv eola,*.. tor ewh 
aare... ■mia eatal.-sue la oluan. eolaaaatleally In KIk. 1, ulwre elertrle 
aavx- data In tlai d-lo kht lamne are iaipiaiaonto,l ao a Auu-tlon of lime 
over the typleal is minute dm-atlon of theee eadaelone. 

nio fleet elaee oonalete of uavee widoh are ee.-!, only In a ell«le 
iffro. band between the eleotr..,, yyrofre.,uenoy and Ite fleet lu,rm..nle. 
hevaieie they were fleet eeen by near the .d.lpolnt of thle fre„ueney 

inter™!, l.e.. tia-y were typl.-ally ae eh.«n in ,«„,el u,. t„oy reoelved 
tlai .oinane ,1/2 emleelona. our oun aludv of nilvo data riude theee 
waiee. aa elu.wn In |<,nol Id. moat e.anm.'nly at 1.2 f^. ami l..»er. It-uever. 
we elem etlek with tradition ami .-all both of tlabie tylaie of wavea M/2" 
anla.ilona. i laeo •> wavea are almljar In atrik-tiu-e and Intonalty but leaa 
freduent In oeeui-renoe than elaee 1 wavea. Their dletl,«ulehl.v feature 
la tint wavea are area In all Interleinnonle Intervale fr.m, tlw J/2 „p 
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to some maximum N -f 1/2, where N may bo as large as 7. Class 3 
waves are considerably broader in band and weaker in intensity than 
Classes 1 and 2. These emissions were first identified by Shaw 
and Curnett (1975). More than one band is usually present, with the 
highest frequency band generally in the vicinity of the electron plassia 
frequency. Class 4 emissions consist of one or more narrow bands or 
elements lying close to the electron plasma frequency. When more than 
one band is present the separation between elements is of the order of 
the electron gyro frequency. Of course, when only one element is 
present it is difficult to unambiguously distinguish these cyclotron 
waves from ordinary plasma oscillations. We use the term 
"gyrcharmonlc" to describe waves occurring in any of the 4 classes. 

Note the cross-hatched region in the depiction of class 4 waves. 
This is Intended to represent continuum elecCiomagnetlc radiation 
that can often be observed in the outer magnetosphere in conjunction 
with any of the four classes. It is radiation which is density 
trapped between the plasmapause and magnetopause, and it is of 
interest to us because the frequency of its lower cut-off is 
generally Interpreted to be the electron plasma frequency at the 
position of the spacecraft (Gurnett and Shaw, 1973). 

In HB we have been successful in reproducing the characteristics 
- frequencies, bandwldths, and growth rates (which may be related 
to Intensities) - of all the waves shown in Fig. 1 by varying 
the parameters of a single electrostatically unstable plasma model. 

We picture a plasma distribution which is maintained In a steady 
state unstable situation (Ashour-Abdalla and Kennel, 1978). Only 
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i’loctron ilyuamii*H nrv cotiHlilorfd . Tho ol%H-irt>u d lat r ibut Ion 
of a cold (< 10 oV), inotropic >Lixvcllian Ci'mpommt plus .1 hot (*v I kcV), 
partially tillcd*ln Iohh cone component • Hie d%Miiiitli»H and temperaturen 
of tlio two compoiuMitH an well an the degree of fill-in are ad)iintable 
paramt*terH« The elect rostat ic inntabilltv propagaten nearly perpendicular ly 
to the .imhient magiu*t ic field and grows at the expense of free eiu»rgv in 
tlie population inversion of tlu' loss Ci'ue component • To illiiHtrate« 

Fig. 2 shows S4*heniat leal I y the perpei |h*iuI icular distribution funct ion 
ot eli'ctrons for two situations, one In which the cold plasma is 
domiiuint and i»ne in whlcli the hot is dominant. The general type of 
d ist r ibiit ion funct ii>n Just described luis also been used by several other 


invest ig.itors iFri'drlcks, l‘)7l; Aslunir-Abdal la et .il, 1^17S; K.irpman el al 
l‘>7S; Ashour-Abda I l«i and Kennel, h>78) in studies of 1/2 waves. 

Figure 1 sumni ar i;*es those results ol the thiH>retical model which 
serve as the basis for otir iitvest igat ii'n of concniient plasma measure- 
ments in this paper. This Figure is predicated >n our finding in HB 


that ll'** frequency of the highest elenuMit in any single observal ion 

of (Masses I-'* waves, should lie close to the upper hybrid frequency 
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calculated using the density of the cold Ci>mpiuu*nt alone. Fsing F.q. (1), 


we 


can plot the cold to hot density rat to as a function of 


f /f 
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for ftxoil valiiofi of tho rut to f ^/f of tho totrtl nlanma froqiionov 

I /-I Pt g 

2 2 w *- 

(fou*^ ^ ^ gvrofroqiionrv f (|i • *♦* n ) . Thin \u%n 

I M FI g t r H 

boon dono in Ktg, 1 for ^ valiion of f /f which aro tvplcal of tho 

pi g • 

Oiitor magnet oaphoro, Kach curvo la aogmontoil according to tho claMH 

of wavoa which, given an unatablo aituation, wo havo found in HB to bo 

nk'at likolv for tho corroaponding valuoa of n^x/n|| ^'od making 

thia ctaaa idont i f leaf ion it haa boon aaaumod that i*miaaionsj with 

1 ^ - f ^ f arc diffuao (Claaa O if f ^ ^ 4/ and aro f 'vf nai row 
pt max r pt g P 

# 

band (Ctaaa 4> if f .'T. 4f . Noto that aa ono nuwoa from t/2 to N f 1/2 

pi g 

to diffuao omiaaioi\;to narrowband t^niaatona noar f that tho ratio of 

P 

cold to hot plaama donait loa n nx>voa from valuoa I to valuoa 

C ll 




Tbo major purpoao of tho proaont paper la to vorifv thia correlation 
between tlie t vpo of obaerved emiaaiona and the value of n / n ^^uaing direct 
meaaurementa of tho plaanui denatty aa obtained from the cont inuum cut-off 
and from tho IASI. IMF b plaama detector (cf. Honea et al* l^7b, for a 
nH>re complete doacript ion of tho IASI, plaama experiment), 

Tlu'ro haa been aome previoua w\'rk corrolat Ing gyroharnKMiic wavea 
with particle data. Andoraon and Mioda (1977) have reported sudden 
increaaoa in tho fluxes of v I koV elect rona associated with several 
1/2 events observed on Kxploror 4S. Pnfortuaat el v . the plasma instrument 
on that spacecraft probably did not measure electrons low enough in 
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energy to detect either a peak In f(v^) or to aeaaure plasma which 
we consider "cold". Curnett and Frank (1974) have compared the electron 
density deduced from the continuum cut-off with the proton density 
measured by the Lepedea Instrument on IMP 6. They attribute sporadic 
differences In the two values during a time Interval encompassing one 
3/2 event studied In detail to be due to the coming and going of cold 
plasma undetectable by the plasma Instrument. 

Classes 1,2, and h waves liave intensities in the^V"* x^nge, much 
larger than would be eiqpected for a near equilibrium plasma, and hence 
these waves are almost certainly the outgrowth of instability. Diffuse 
(Class 3) emissions on the other hand occur at much weaker (uv/m) levels, 
and it is possible that they represent an enhanced level of waves in a 
stable (but non- Maxwellian) plasma as has been suggested by Ctiristiansen et al. 
We can not dispute the possible stable origin of diffuse emissions but 
point out that such waves fit systematically into our con^>rehensive 
instability model. They are, towever, manifestations of weak instability, 
and the distinction between weak instability and weak stability may be 
largely an academic one. 

In the next section we present a statistical analysis of a year 
of IMP-6 data on gyroharmonic emissions. The location, occurrence 
probability, and correlation with electromagnetic continuum radiation 
of each emission class Is presented. Possible correlations with K 

P 

are investigated. Most iimportantly , an analysis of the n^/n^ ratio 
for all events during this period Is reported. In section III several 
wave events are examined In detail. In Section III we also seek 
evidence for the existence of a vestigial peak In the perpendicular 
component of the electron distribution function and hence confirmation 
of a loss cone component. Section IV summarizes our findings. 



' • Ar, p^G^: rs 

II. STATISTICAL ANALYSIS OF IMP-6 JtESULTS • i * 

We Jiave cataloged ail eleotn Jtatic ^^yroharmonic events which 
appear in the O-IO kHz range of the wideband Iowa electric wave 
detector on IMP-6 from 5 February, H72 to 4 February! 1973. Ck>ddard 
magnetometer data from the same spacecraft have been used for determining 
f^. Ttio start and stop times of each wave event along with the emission 
class were recorded. Sporadic emission with gaps of less than 
twenty minutes were usually considered as one long event. The continuum 
radiation lower cut-off at f^, when simultaneously observable, was 
recorded at least once for each wave event. The IMP-6 position during 
events of different classes Is displayed In Fig. 4. As with any 
study of this nature. It Is Important to realize that the spacecraft 
samples only a small volume of the magnetosphere, so statistical 
results may be biased by the orbit trajectory. 

Panel 4a depicts the spacecraft position (radius vs. local time) 

when Class 1(3/2) waves are seen. Events In which continuum radiation 

la simultaneously observed are Indicated by a darker trace. Class 1 

emissions are seen almost anywhere between the plasmapause and the 

magnetopause. 3/2 emission can also occur at smaller radial distances 

than the observations in Fig. 4, but when they do, their frequencies 

lie above the 10 kHz limit of the plasma wave experiment (in its most 

common operating mode). As i>ne might expect, events with continuum 

radiation are seldom seen deep In the tall, as the continuum has 

had ample opportunity to escape the magnetosphere. Most of the 

measurements In Fig. 4 are at moderate geomagnetic latitudes 

(20°i 60°). 

m 
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In tlu* K.imt* fotnwit wo plot i'lasu 2 <mult tplo hrtlf h.nnkMilo> w.ivoh 


in linol UK ClnHn 2 oratHKlonn tiMul oto.irlv to o\ii*t M l.iiitor r.iJlnl 

iliiifaiwoii thnn Jo i'laHrt I w.ivoh .itu! aro notJon hocmi inntJo 8 K^.. Tho 

toiuliMtov (or ( ft to lm*roaHO with Jintanoo tiom tho oaith wan no:oJ 
max g 

in MH t\>r a miu'h snutllor Jata not. Wo holtovo that thin hohavlor 

in Jiio to Vy, ilooroanlng nxM*o hIowIv than |8 j with inoioasing raJial 

Jintanoo no that ! ^ Jooroanon nuMO nlowlv than t . Tanol nb 

wax 11^ 

aln%^ in%iioaton that i'lann 2 orainni%Min ato nolJoro ohnorvoJ noar 
looal midnight • 

Tanol Uo nluHrfn tho ponitionn %'t ooourtoiU'o ol K'th i'lann ' tJitiAino^ 

and i'lann •« inartow hand t' ^ t ^ wavon. Tito diftntio orainnionn alrw^nt 

V 

atwavn ooour ah%'vo 10 kH/ and honoo caw ho ohnoivod hv tho wavo oxpot twi'nt 
onlv whon tlu' inntrnmont is in tho 0-U^ kHx oyoling r.x'do, AUov Ovhit 78 
tho wavo oxporimint opoiatod in tt\o 0-*l0 kU/ nxnlo ahw^st oxotuslvolv. 
and ninoo IASI. plasRvi data in tho irwignot o?jphovo was availahlo onl\ 
attor Ovhit wo havo onlv a limitod numhor oihits in w'ai%*h !%' sludv 

01 ann ^ wavo.n n imul t anoovis I v with p lasitwi r.uM.*ini omoni n • Vho d i f t uso 
hands whioh wovo ohsoiv%*d o%*ouvvod on tin* %lav sido ol tho w.ig!tot osphovo 
in tho vogiiMi Just outnldo tho plasn,ipaus«* • 0la;is wavos, wtiioh avo 
n;iiuviatc\i thiS'ivtloa.ll> with larpa' tK. \nluo:; ooourtVvi primrily 
in t!io at'loruovMi .iu:uirat\t at av'ncwlvtt larf^er radi.il vliat;u;oos Uunn 
0la;;a 

Tho histograms plottod in Kig ropiomut tho dlsirihution of 
oaoh omission olasn with vospoot to magnol io latitudo \ • Koi 

oxamplo, givon that a Olass J omission is .hsotvod, tho pi%'hahilitv that 
tho spaoooiaft magnot to latitudo lios in tho tango lO' ^ / V | ; JO' 


!■ 0.36. The iaportdnt feature of Pig. i la Che tendency for 

ClaMH 2 (and Co a leaaer extent, Claae 4) emlsaiona to occur at lower 

latitudes than Class 1. The tendency for f /f to decrease at higher 

max g 

latitudes was noted by HB for a much smaller data set. This effect 

was explained by noting that If n^ at a const.int radial distance Is 

either constant or decreasing with respect to then will 

decrease at higher latitudes. Since the 0 K>del predicts that 
2 2 1/2 

f /f -V (f«- /f ♦ 1) • we expect fewer Class 2 emissions 

max' g £ ' PC ' g 

(f > 2f ) at higher latitudes, 
max g 

Figure 5 Is seriously biased by the spacecraft trajectory, 
particularly since the spacecraft spends little of Its time at low 
magnetic latitudes. Tlie histogram for diffuse emissions Is also biased 
by the limited number of oralts sampled. Although useful for comparisons 
between different classes, the Figure does not represent absolute 
emission prob.ibll It les very accurately. 

The nk'>st in^H'rtant prediction of our thoi^retical model is the 
\Tiriation of with emission class. We would r.«.rw like to substantiate 

this prediction from the plasma data. To do so, we use twi> Independent 
measurements of n. One value of the density is that determined from 
the continuum cut-off frequency. Given the correctness of the Interpretat Ion 
of this frequency as f^^, we thus have a measurement of the total density 
"n^ . (Tlu’ tllda notation denotes densities which are measured "directly" as 
opposed to those which are deduced from electrost.it Ic w.ive observations 
and our theoretlc.il nxnlel.) The second density measurement Is that 
nude by the I.ASL plasma analyzer which measures electrons In the energy 
range 13.3eV < < 18.1 keV. We expect that such -.lectrons fall Into 
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the range of what we conalder hot electrons and hence we denote the 
density as measured by U\SL as n„. We Interpret any differences'? - 
an bring due to a cold component wYiich in below the energy detection 
capability of the lASL .inalyzer. 

Provided we can meanure the t\fo dennlty valuen accurately, thin 
technique, which wan uned prevlounly by Curnett and Prank (1974), In a 
powerful method for verifying our theoretical model. The continuum 
cut-off frequency can be meanured to an accuracy of from which we 

entlnuite that can be determined to an accuracy of^bt, Tlie LASL 
electron data have been corrected for ultraviolet contamination and 
npa.'ecraft charging which can be Important at low energien and for the 
penetration of energetic background particlen at all energien. The 
accuracy of the corrected dennltien in an estimated 20t. 

In Fig. 6 we plot n^ vn ii^ for nltuatlonn where either Class 1 or 
ClaoS 2 waves are nlmultaneounly observed. To avoid biasing the display 
by many points frcr? event, we plot no more than one point per orbit. 

*v^ -V t 'V' 

Tho two straight lines represmt the cases of • 0 and n^ " ”h * 3 "t ’ 

so that points falling between them correspond to n^, < n^j. Tlu* theoretical 

model predicts that n„/n„ « 1 (?. — n ) for Class I events and is somewhat 

L H H t 

larger for Class 2 waves. The typical n^/n„ value chosen by Young et al 

L H 

(1973) , Aahour-Abdalla and Kennel (1978), and HB to explain 3/2 waves was 
0.2. The median of the 3/2 events plotted In Fig. 6 corresponds to 
n^/nj^ ■ 0.19 (Table 1) and only 4 of the 21 events are character Ized by 
!i^/aH> 1. As expected from theory. Fig. b indicates that 
significantly higher for multiple half harmonic emissions with the median 
corresponding to “ 0.55 and 3 of 13 events having Again 

there is (fort^ultous ?) agreement with the value ■ 0.5 which waa 

used by HB to model a Class 2 event. 
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The thei'retloal cu'del predJLotrt **** 1 1*‘'P n^'«t ^’Ia«a j? and ('laaa 

evcnta. Wc exi>cvt therefore tiuit the plnHna !aea;ua‘er.entd aht.'tU.d ahow 

for thear caaea provided that la aufflciently ankiU that LASl. 

■t aaurea only hot plaaiu. Figure 7 dlaplava va 7 for the event a alunm 

In Fig. 4, panel c. plua I'laaa 4 obaervat Iona from Orblta 1S3>217. I'nllke 

Claaa 1 and 2 enlaalona, the dlffuae and f •« f narrow band wavea often 

P 

occur during t lau^a when n^ la much larger than njj ao that 1* 

The denaltv rat loa correapondlng to the mi'dlan eventa shinni in Fig. 7 are 

" ** dlffuae imlMHlona .^nd 1,5 for f f^ uarriV band wnvea. Aljaoat 

half (lb of 313 of the ClaHa 3 and 4 eventa correapond to ^ 3 while 

only 2 of 3b Claaa 1 and 2 eventa Indicate auch large denaltv rat loa. It 

la obvloua frtmj Fig. 7^ however, that a aubat.intial fractl'* >f the eventa 

at ill have n I . We argue in the next aectlon tbir theae eventa h.tx'e 

aufflclentlv large that the I.ASI. analyni me laurea a aubatantlal 

port Ion of cold plaanu aa well aa the totality of the hot component . 

Tlu* IjVSI. plaama detector alao mt'aaurea protona In the »*nergv 

range 140 eV F.^^ •» 28.8 keV. Since the irwignetoaphere la a charge neutral 

medium, the overall proton and electron den;., t lea ahoutd be approxlm.it ely 

equal. Figure 8 la a plot of the election denaltv n^ va proton denaltv 

IT , both meaaured bv I.ASI., for the w.ive eventa recorded In Flgurea b and 7. 

P 

For Claaa I and 2 eventa .ind for m.iny of the Claaa 3 and 4 emlaalona 

iT^ further indication that nearly all electrona are being counted. 

However, n » nl. for nx'at dlffuae and f ~ f narrow band eventa. Since 
pH P 

theae emlaalon clasaea are aaaoclated with large cold rlaanxi denaltlea, we 

conclude that large dlacrep.inclea between and njj are Indicative 

of large quant It lea of cold electrona. 

A word of caution, howeverl There are numeroua Inatancea where 

II » iT but no wave emlaalon are obaerved. Such eventa probaMv at 111 
pH 
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corrcBpond to but either the population Invernioa of the hjt 

component in inBignif leant or the cold component 1b prc*8ent in Huch an 
overwhelming proportion an to render the InHtability Inconaequentlal 
and undetectable* 

Tlie correlation between vnriour classcR of gyroharmonic emiHBionB 
anH geomagnetic activity 1 b also Buraruirir.ed in Table 1* Although 3/2 
emlBBions are thought to be obboc iated with BubBtorms (Scarf et al , 1973) 
while ClasBCB J and 4 are thought to be quiet time phenomena (Shaw and 
Gurneltt 1975), strong correlationa between the average index and 
emiBBion ciasB do not exist (cf. Table 1). Ttie index seein*^ to be some- 
what liigher when continuum radiation is observed, and diff*iBe and f ^ f^ 
narrow band emisHionB apparently do not occur during periods of very 
strong activity. On the other hand, 3/2 waves can occur at any 
value. Almost continuous 3/2 emissions for periods of three hours or 
more tend to occur only during relatively quiet times. 

III. THE ENERGY DISTRIBITION OF EF.ECTRONS DURING 
GYkOH\RMONIC EVENTS 

In the last section we analyzed statistical data from a large 
number of gyroharmonic events observed by IMP-6 with results that supported 
the theoretical prediwtiea v.f HR that the class of wave emission generated 
depends on the local cold to hot density ratio. In this section we 
furtlier corroborate this conclusion by examining for specific events 
the contribution to of electrons of various energies. 

The LAS!. IMP-6 plasma analyzer measures electrons In 16 logarithmically 
spaced energy channels from 13.3 eV to 18.1 keV. The average energy 
in each channel is listed in Table 2. A complete angular and energy 
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In rvf>iv 100 itrr • 

Koi 4 tiuUvIOiiJil Kvroh/iini«mto rviMttii, oiu* ii^prrurnt nt i vr of 

rurh wrtvo rmlimloii Wr iw Flu. . 1 hr noinwilltril 

rout t IhMl l«Mi fo Ihr tofrtl ilrimtlv r<irh of 1 hr Ih IASI, root gv 

rh.'iimrlu. Thrur hnvr hrru p1ottr«l In thr hlutogtnm Mi%: niimhri r«l Nl6. 

Hir Oxil II h.iv% hrrn nvrmgrtl tvpl%*n11v ovrr 1> mtnnfru oi loitglilv ** 

%lutv rvi'lrii. i'onul^trnf with out ini rt pi rt nf ton lh.it Ihr iliffrtrnrr 

hriwrrn R Hint n in Onr to rotO rlr%*tionn, wr pl*M in Mn 0 Ihr 

notmniiRr«i vntnr 1 - 'n^ • I - J! Aii /ff of Ihin **niinninn** «irniiitv. 

* 111 * 

Ttir 1N*niinnlr nvrin|iing Inlnv.'il in nrrrnnnrv foi otl.iinin^ nl .il i nl irnH v 

niKnifir.ini liiiRrn; Ihr pi irr wr nnfot tnnnl r i v pnv in I hi* c^innttir ol 

nliinMntr whirh nli^!ll hr rvi«trnl in nhoi I ri I imr-nrnlr •Inin. 

l\' n%'l ronfunr Fi^, wil)i ptoln of Ihr rlrrlion 0 i nl t i hiil i«Mi 

-1 *? 

fnnriion I I An^ in pi »'poi I ion.i 1 lo O^F^ ' wlirir in Ihr nn.nhiM 

^ % 

of ronrin in %0i;innri I, whrrr.fn f in propot I ion.il lo ^'^F^ *; a pr.ik 
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Nrv.^i Hir irnn Ihr F whirii in niu'wn in rnrh p.mrl irptrnrnln I tir rnri )iv 
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Bhown Ir Fig. 2. Fig. 9b la for a multiple half harmonic 
event. Tlie partial denHlty distribution again shows ^<1# ^ 

broad energy spectrum* and a peak at 51.5 eV. In both of these panels 
th.^ density as measured In the lowest I.ASL channels Is consistent with 
r!ie simill values of the interpretation that channel 0 contains 

13.3 eV electrons. 

The situation Is different In Figs. 9c and 9d, which represent a 
diffuse and a narrow band f ^ event respectively. The large values 
In flannel 0 are quite consistent with icost of the LASL measured density 
being in the three lowest energy 'hannels (13.3, 20.7, and 32.7 eV) and 
again support our Interpretation that represents electrons of 
energy < 13.3 eV. In fact the electrons in Channels 1-3 seem here to 
represent the tall of the cold plasnwi distribution. The peaks in the 
An^ spectrum at 2.33 keV (Fig. 9c) and 3.88 keV (Fig. 9d) are almost 
too small to be seen on the scale of these figures. 

Several conclusions are to be drawn from Fig. 9. First, the 
discrepancy between and n^^ dues indeed appear to be due to electrons 
below 13.3 eV and the detection capability of tlie plasma analyzer. As 
predicted bv HB the distribution functions for diffuse and f ^ f 

P 

narrow band emissions are quite similar to one another but TJite different 
from the distribution functions for 3/2 or multiple N 1/2 emissions. 
Figures 9c and 9d suggest that for Class 3 and 4 events tlie cold plasma 
tempex^ture T^ is sufficiently high that the LASL instrument measures 
a portion of the cold plasma. This conclusion contradicts the assumptions 
nude in the last section that LASL measures only hot electrons. Had we 
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iiu*liulc»il t ho lovoNt I or 2 I^Sl. otiaimoln an ooUl plaanwi, our oonoluMlona 
In HOOt loti 2 ro^^arcllng tho oorrolat ion of wavo olaaN w%nilit 

havo boon at III moro aupport ivo of Iho HH thoorv. Finally noto that 
for tho hot olootrona F^ 100 oV for ^/2 and imiltiplo N ♦ 1/2 wavoa 
and F > I koV tor tho laat two olaHsoa. TIiIh in aupport ivo of tho MB 
I't-fillot toiiN lh.it lor ('taHHOM I aiui 2 .iiul T^./Tjj ~ I0“‘ for 

riaHHOH ^ and 4 i f haa tho tvpioal valuo 10-20 oW 

Tho tlioorotioal imnlol prod lot a tho oxiatonoo of a **loaa oono** poak 
in f(V^> ovon whon tho d iat r ibiit ion fiinotion ia nwirginaltv ataMo. It 
ia vorv diffioiilt to dotormino oonoliiaivolv f ri^ni tho ptaam.i analvror data 
whothoi or iii>t auoh a poak oxiata during gvroharnxMiio omiaaion ovonta. 
ihio roaai>n for t lio diftioultv la tliat tor pot iiuia whioh aro auftioiontiv 

A 

liMig to prinluoo dooont Oiuttit ing atatiatioa, tin* onorgv F aaaiu'iatod 

A 

with t Ito poak ia likolv ti' altift. Hiia variatiiMi in F tonda ti> waalt 

iuit ativ poaka in apootra takon i>vor porioda of S-IO raitnit oa or ux'ro. 

In addit ion, t tio plasnui analvxor waa tiot doaigtiod to at*parato 

t ront i(V ) witli groat aoouraov ainoo llto aoooptanoo angto itt tlio piano 
li 

OiMitatning tho rotatiiMi axia ia cpiito largo (80^'). It is pi>saiblo to 
mako onlv a oriuto soparat iiMi botw«*on ttio parallot and porpond ioitl ar 
it 1st r ibut ii>n funot iiMis bv oxatnining ovonta iti whioti tlio nxtgnot io fiold 
ia appioximitolv parallol to ttio ooliptio piano. 

Tho ratio t'otwomi ttio onorgies of auoooaaivo ohatinols itt tho plasma 
analvxor is *^^l.b. Sitioo f is pro.»ort imial to 

svstom witti AF^ proport ii'tial to F^ a poak in ttio distribution tnnrtion 
rotpiiros 

H>v'i\ O' 

IS 



for some energy cliannel 1. 

Figu«‘e 10 represents a detailed analysis of the plasmr. analyzer data 

for a 3/2 event which was proceeded and accompanied by continuum radiation. 

Tills event has been previously analyzed by Gurnet t and Frank (1974) who 

nuide a temporal comparison between the density calculated by the Lepedea 

plasnui analyzer (n^) and the continuum cutoff density Our main 

purpose here Is to note changes In the distribution function associated 

with the onset of the 3/2 emissions near 1 kHz at 2127. Tlie bottom 

part of the figure Is a copy of the wideband electric field data 

which clearly shows the continuum radiation cutoff typically at 6 kHz 

and the narrow band sporadic 3/2 emissions. 

Tlie nuix lroum ratio displayed In the strip Just above the 

wideband data for each ^ 100 second duty cycle of the plasnui analyzer. 

itatlos of (C.,,/C,) > 2.6 are solid boxes In the strip and represent 

i’rl 1 nuix 

9 f 

times when a peak in Is probably present. (The counting ratios were 

taken only for tlmi»s when the plasnui analyzer looked within 15 of 

perpendicular to B and hence could crudely separate f(V^) from f(V|j)). 

Diagonal sliadlng represents times when between 2.2 and 

max 

2.6 (possible peak in f(V^)) while the unshaded regions of the fitrip 

are for <2.2 and represent times when f(Vj^) probably 

max 

has no peak. Tliere is considerable uncertainty in these ratios 
due to poor counting statistics. However, Figure 10 clearly shows 
that a peak in f(V^) is much more likely to occur after the onset of the 
3/2 emissions at 2127. 
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Thi» Kraph abovo tho rountlnK ratio Htrlp givoH the coutUii 

In tho E ■ 1 10 eV channel. Ttiin valiio of E is tvpioal of tho oncrgy 
at which the alopo of the perpendicular diHtrihution function is 
nuiximuin; i.e, E^ in typically I U) eV. l*he onnet of 3/2 emiBHion^ In 
aHBOciated with a sharp rise in C^. Similar correlations between the 
flux of moderately energetic particles and 3/2 emissions were noted by 
Anderson and M«ieda (1^77). llu* top grapti is a time* plot of the energy 
E* at whicli a peak in is moat likely. The large variations in 

E^ clearly prevent peaks from sliowing up in most p^irticle data averaged 
over long periods. 

Ciirnett and Frank (P>74) luUed that the relative ainmint of hot 
plasm.i increased sharply near the tuiset of 1/2 emissions for this event. 

An increase in n^^ (with n"^ relatively constant) is also seen in the 
UVSL particle data presented above, .ind the spectra .iiul total densities 
nuMsured by the two plasma instrumiMits are c|uite similar. 

Figure 1 1 is an analysis oi a diffuse emission event using the 

fornuit of Figure 10. Since the widebiitui data in the 0- 10 kHz cycling 

mode cannot be Ci'mpressed in timi*, a schenut Ic represent*it ion of the 

wideband data is slu>wn at the bottom of the figure (R. Sh.iw, private 

communicat ion) . The wideband spectrum shows broad, fuzzy emissions lying 

between the first three harmonics of f . The highest frequency band 

blends into the c*>nt inuum radiation cutoff .it t • 0045, indicating that 

f ^ f . The counting ratio is usually above 2.2, so a 

max p l*M I 

* imix 

peak in the perpendicular d 1st r ibut imi funct ion is likely though 
highly uncertain. The varlat Ions in F^ and in the counting rate 



i'ji In Clio • 2.W koV oluinnol aio tmioh Iomh Hpootaoiilar tiuin In 
KlKur%* 10. 

nu>ii|cli il Ih tallaolouM to iltaw >;onoral oonoliinionH (ti'm limttoJ 
Jala* oHpoolallv whoro huoIi Jata havi* InlioiiMit IlmitatlonH^ KI^h. ami 
tl aro bi'lh Ivo of l ho cliotMv that gvrohanikMiio omlNNlons aro 

kli Ivon by troo onot jcv in .i poakt'il Iona cone il int r Ibitt 1 «n tmrh .is 
skotcht'il ill Ki>c 2. Fi>cnr«* 10 shows that t ho oiisot of a l/J omissiiMi 
ovont was assiioiat tul with b%'th an inoroaso in tin* tivixiimini sU'po of t ho 
mo.isiiroil l(V^) .nul a lar>;o inoroaso in t ho I lux of olt»otriMi:i at tho 
oiu*i‘Hv of t h»* appal out poak. Froijiiont ( hou^li higlilv mioortain poaks 
In f(V^) woio .also itHMsiii Oil ilurlii>; .i iliflnso ovtMit (Fi>t. IM. 

IV, Siiinm.irv ami (\mio liisiiMis 

11ii s roport s on an oxtonsivo siirvov , anaivsis, aiul Int oipiin a- 

t Ion of s Imul t atu'ons 1 V moasiii oil olootrio wavo, m.ioaiof oniot »'r , ami plasm,i 
iiata from IMP-n. Its piirpi^so is ti» substantlato fiirlhoi tho work 
of linbbaril ami lUrminpJiam on batuh'il I'livt ri'nui>;nol Iv* I'missli'iis 

in tho Karth’s mitor mapjiot osphoro. HU prosoiit a fiMii -oat o>»iM‘v olassltioa- 
t liMi sohomo liM* suoh p.vroharnx>n io «'mlsslinis; this papin roports tho 
spat i.il il 1st r ibut liMi , froituoiiov of in*omronoo, aiul oorrol.itlon with 
uiii>;notio aotivitv i'f omtssli>ns in o.ioli olass, HU pr«'ilti t a oi'rrolaf iiMi 
bi'twoiMi tho olass i>f wavo omission ami tho rat K' n^,/n of Oi'lcl to lu't 
plasma ilonsitios .it tho omission point aiu! sii>;>:ost that tho wavo imilssliMi 
i'an bo usoil to ostimato rou>;hlv this J i ff limit -to-moasnro rat li>: t lio 
ratio Is obtalnoil *'il I root I v** ft*i'm tiu' IMP data bv a snbtraitlon tov'hniipu*. 
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and its correlation with the theoretical predlctlona la good. It 
has been proposed by HB and others that gyroharwnlc emissions are 
the manifestation of an unstable loss cone distribution of electrons. 

We seek evidence for a peak in f (V^)^ indicative of such a loss cone. 

In the electron data, although detection of one Is difficult because 
on the time scale of measurement needed for statistical significance, 
a peak Is expected to undergo considerable shift. Our conclusion here 
is quite tentative: In the high resolution plasma data there Is some 
vestigial Indication of a maximum in the perpendicular electron 
distribution function. 

In detail, we have found that 3/2 emissions can he observed almost 

anywhere between the plasmapause and the magnetopause and at latitudes 

as high as 55^ on IMP-6. They are observed at one time or another 

on more than half the orbital passes and may be present almost 

continuously for up to six hours when the spacecraft Is in the tall. 

The median • 0.19, measured by the subtraction technique. Is In 

excellent agreement with most theoretical nuDdels, including ours. The 

perpendicular distribution function typically peaks at 100 eV. 

Multiple N-M/2 emissions tend to occur only at relatively low latitudes 

and are seldom seen Inside 8R^. Since f /f is larger than for 3/2 

L max g ® 

enissious and f » , It is not surprising that n_/rL. is somewhat 

nuix UH C n 

larger (0.55 median). 

The HB theoretical model predicts that since is near the plasma 

frequency f for diffuse and narrow band emissions, the condition 

P P 

C r*j 

f ^ f,n. requires » n., when such waves are observed. Figures 7 
max UH ^ C H 
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.iiul ^ rt»vtMl tiuit the* illHt r Ibiit Ion of oloi'lronn Ih iiulooil ili^m in.it ml 


by tho oolil roropoiuMit iiiiring thoHi* ovtMitn. 
Ilkoly to occur iumt 2 UoV. PI f fuse event h 
H lile Just bevond the plaHirutpnune while f 
4>ccur nk'Ht often in tlie afteriu'on necti^r and 


A peak in f(V^) in nk>Kt 

t4»nd to occur o\\ t!ie d.iv 

f narn>w band cmiHHionH 
P 

are nonuM ink*H Hei»n bevond 


10 

It in generally thought tliat the plasnui in t lie outer m.ignet c^nphere 
\\i\H a temperature 0,1 - 2 keV. Since 1/2 .*nd multiple N41/2 i^miHHiotiH 

with moHt comnuMi forms, the cold compiUient is 

lu^rmal Iv a relatively minor const ituent. IK»wever, the piesence I'f ditfuse 
i>r f ^ f^^ narii'w band eralsHii'ns signals the presmu’e of aiu>malouslv high 
cold plasm .1 densities. In such c i rcumst .inees , most iW t lu* electrons 
have energies beK'w 10-20 eV .ind uiuh^ubtedlv or igin.it e in the i4»iu>splu»t i' 
rather t han the solar wind. 

Ai'KNinJU.inwF.N rs 
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imignet omet er experiments, and we thank the princip.il invest 1 gat ors , 

P.A. Ouniett and N.K. Ness respectivel.v . \Vc tliank O. J. Hame, J.K. 
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plaanui iUiUi and For lieip In interpretings them. \<e Ivwe also boncFiled 
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Table 1 


SU>*1AJ<Y OF GYROHAWfOSIC EVENTS* 



Class 1 

Class 1 
•♦-continuum 

Class 2 

Class 2 
•►continuxai 

Class 3^ 

Class 

4 

n^jnber of events 

Vi 

3% 

40 

17 

7 

22 


^ nunber of events 
number of orbits 

0.500 

0.213 

0.225 

0.098 

0.112 

0.124 


n 

raedlan — 

- 

0.19 

- 

0.55 

5.8 

1.5*^ 


probability of — > 1 
n 

H 

- 


- 

B ■ •“ 

1-1.0 

18 

28 ■ * 

82' 

probability of > 3 

- 

ji ■ -04 

- 

B- •'>« 

y * .88 

10 

28 • • 

38' 

average duration fhoursi 

3.0 

2.0 

1.4 

1.0 

1.4 

0.7 


(average) 

2.1 

2.5 

1.9 

2.5 

1.5 

2.2 


(maximum) 

6- 

8- 

U* 

8- 

3 

4 


K^(ainimum) 

0 

1- 

0 

1 


(K 


All samples are from orbits 

1 79-158 

unless otherwise 

indicated 






b 

Sample from orbits 48-7S and 107 
^'Sample from orbits 79-217 
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FICt'RE I’APTiOKS 


1. Schnutlc rrpre««fnt4t Ion of the four cl ««««>» of h.mdrd e«la«lona 
obiierved in the Enrth'ii outer •a(tneto«pher«. 

2. Schoaatlc reprenentnt Ion of the dlettibutlon function of electron* 
na a function of apeed perpendicular to ». The tw coapi>nent , 

hot and cold, nature of the electron* la evident. The dotted 
curve correaponda to a caae where the hot electron* are oa^re 
denae than the cold, and the aolld contour repreaent* a altuatlon 
dominated by the cold component . 

3. Some reaulta of the HR theory. For varloua value* of f /f , the 

F S 

ratio ot total plaanui frequency to (tyro frequency, the cold to 

hot denalty rat lo plotted a* a function of the hlitheat 

obaerved frequency f /f of banded emlaalona. Each contour 
^ nuix n 

la aeitmented according to the claaa of emlaalon which ahould 
be obaerved for value* of the correapondlnjt parameter*. 

4. The apat lal dlatrlbution of banded wave emlaalona. Plotted 
aa a function of local time ia the radial poaltlon of IMP b 
ever the durat Ion of obaervat Iona. Interval* when Claaa 1 
emlaalona are obaerved are plotted In Panel a and Claaa 2 Interval* 
In innel b. In theae two panela only, the heav>' trace Indicate* 
the alraultaneoua obaervatlon of contlnaum radiation. Panel c 
Include* both Claaa 3 (dark trace! and Claaa 4 (light trace) wave*. 
Tlu’ period atadled waa 3 February 1*J72 to S February 1<>73. Claaa 

3 wave obaervat Iona were poaalble for only a portion of thla 
period becauae of the operating mode of the wave experiment. 



5* The occurrence probability distributions in magnetic latitude 

of Classes x and 2 waves (lower panel) and Classes 3 and 4 emissions 
(upper panel )• Each histogram is normalized to unity. Data are 
biased by the small amount of time spent at small 

6. Plot of the hot electron density n^ as measured by the L\SL plasma 
analyzer vs. the total electron density n"^ as derived from the 
continuum cutoff for times when either Class 1 or Class l emissions 
are observed. 

7. Same as Fig. 6 except for times when either Class 3 or 4 omissions 
arc observed. 

8. The proton density n^ as measured by the LASL analyzer vs. the total 
electron density for times when narrow band waves are observed. 
Data points refer to che same events plotted in Figs. 6 and 7. 

9. The contribution to the total electron density from each of the 

16 channels of the LASL analyzer are plotted in channels 1-16. 

Channel 0 contains the difference, normalized to iT , between 
16 ^ 
n. and iT * L . . 

^ ^ i-1 ^ 

10. A typical ’*3/2** event is observable beginning at 2127 in the bottom 
panel, which is a 0-10 kHz Unlv of Iowa electric wave spectrogram. 
Continuum radiation is observable throughout the time period. The 
top panelo are sicnatures of electrons measured by the LASL 
analyzer which during tnis event obseir/es electrons largely 
perpendicular to B: E* is the energy of the cl^annel where the 

elope of f(V ) is maximum: n is the density in the 130 eV cliannel; 



and th« aoUdi cross-hatched, or blank oars indicate respectively 
that the slope of f Is positive, negative but snallow, or 
distinctly negative. 

Similar to Pig 10 but for a diffusa emission. Note the 0-20 
kl!s range of the spectrogram. The Iowa instrument was in a 
cycling mode at the time of wave observations and 0-20 kHs 
was sampled intenaittently. Hence spectrogram is a composite 
sketch rather than a photograph as in Fig. 10. 
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